A medical cross-sectional examnation of a copper smelter work force was undertaken after environmental contmination with lead, cadmium and arsenic had been documented. A total of 920 subjects was examined, including active smelter employees, retired workers and copper mine employees who had never worked in the smelter.
Introduction
Lead, cadmium and arsenic emissions from a large copper smelter were found to result in environmental contamination and significant absorption in segments of the population living in the immediate vicinity of this copper smelter.
An increase in lead levels in blood (Pb-B) and hair (Pb-H) and a corresponding inhibition of aminolevulinic acid dehydratase (ALA-D) were found to be more prominent in school children; 
Populations and Methods
A cross-sectional medical examination of workers employed at this copper smelter was conducted. This included measurements ofblood lead (Pb-B), blood zinc protoporphyrin (ZPP), blood cadmium (Cd-B), urinary cadmium (Cd-U) and urinary arsenic (As-U).
Lead and cadmium in blood were determined by graphite furnace atomic absorption spectrophotometry, using a Perkin-Elmer atomic spectrophotometer, Model 5000, with a 500 model graphite furnace (3, 4) . The detection limit for blood lead was 10 gg/L and the reproducibility + 10%. The laboratory, Centre de Ibxicologie du Qu6bec, participates in the Center for Disease Control Analytical Proficiency Program for blood lead. The detection limit for blood cadmium was 0.2 gg/L with a precision of ± 5%. Graphite furnace atomic absorption spectrophotometry was also used for determination of cadmium and total arsenic in urine; the detection limit was 0.2 jg/L for urinary cadmium, and the precision was + 5%. For urinary arsenic, the detection limit was 10 gg/L and the precision of the test + 10%.
A calibration curve was prepared by adding As to a pool of urine to yield concentrations between 0 and 200 pg/L. ZPP Tables 1 and 2 . More than half of the active workers had been employed for over 10 years.
By using information from industrial hygiene studies of copper smelters (9) the various job designations in the smelter were classified with regard to potential exposure to Pb, Cd and As into four categories: minimal, low, medium and high. The mobility of employees through several job categories was recognized, especially for those with long-term employment; an "equalization" effect was therefore possible. For certain parameters, when recent exposure was thought to be of special relevance, analysis according to current job assignment was undertaken.
The report presents results of the analysis of extensive data sets; numerous tables and figures are used to abstract this information. The probability that a specific (statistical) test will be significant by chance alone when such a vast collection of data is analyzed should be and was considered. As a result, we have attached little (physiological) significance to probability levels (Fig. 5) ; nevertheless, for all smoking categories Cd-B levels were significantly higher in active employees (Table 6 ), indicating the independent contribution of exposure to cadmium in the smelter. The effect of smoking on Pb-B was not significant (Table 7) .
Recently reported Cd-B levels in samples of the general population (11) in ten countries indicate for U.S. males a geometric mean for nonsmokers of 0.6 gg/L and for smokers 1.2 gg/L. Thus, Cd-B levels in active copper smelter workers were higher than those reported for U.S. males, including smokers.
Cd-U did not exceed 10 gg/g creatinine, the generally accepted "critical" level for the kidney, but was higher than 2 gg/g creatinine ( Cd-B (pg/ I) FIGURE 3 . Relationship between blood cadmium (Cd-B) and urinary cadmium (Cd-U ,ig/g creatinine) in active copper smelter employees. (15) .
Renal function in this study group was evaluated by blood urea nitrogen (BUN), serum creatinine, and uric acid measurements; urinary excretion of 02-microglobulin was also assessed.
Distribution of BUN levels in copper smelter employees was unremarkable (Table 14) , with relatively few (3.4%) elevated values (BUN higher than 26 mg/dL). A similar pattern was found for serum creatinine (Table 15) ; levels of 1.4 mg/dL or higher were found in 3.6% of those examined.
Creatinine has not been found to correlate with age in populations without exposure to nephrotoxic agents (16, 17) . In some previous studies of lead-exposed groups (18, 19) Fig.  6 ). Cd-U was significantly correlated with age in copper smelter employees (r = 0.455, p < 0.0001); in miners no significant correlation between Cd-U and age was found (r = -0.012, n.s.). A partial correlation analysis of serum creatinine versus Cd-U in copper smelter employees, controlling for age, revealed that age accounted for the correlations between serum creatinine and Cd-U.
Distribution of urinary 02-microglobulin levels (Table 17) Cases with clinically established chronic renal conditions, hypertension and/or diabetes were excluded from the analysis.
The possible relationships between urinary 02-microglobulin levels and Cd-U, Cd-B, Pb-B and ZPP were explored. No significant correlations were detected in either copper smelter employees croglobulin cannot be completely excluded. AlThe renal effects of cadmium and lead in this though age has been found in other studies (20) to population of copper smelter workers were clinibe associated with urinary P2-microglobulin lev-cally less evident than those reported for other els, such a relationship was not found for the cadmium-exposed occupational groups (15) or miners in this study. Among the active copper those found by us in lead-exposed groups (18, 19) . The results of the present study indicate that effects on renal function at the low levels of cadmium and lead absorption that were observed in this smelter population were minimal. Hypertension was also of special interest, since both lead and cadmium have been considered to be potentially related to hypertension. In a previous study of an occupationally lead-exposed group (automobile assembly body shop workers) significantly higher diastolic blood pressure than in a comparison group without lead exposure was documented (19) . Although the level of lead absorption in the present study group-as reflected in Pb-B and ZPP levels-is lower than that among auto body workers, the copper smelter employees are also exposed to cadmium. There- ,,.
fore, the possibility that hypertension could occur with higher frequency was investigated. Prevalence rates for hypertension (systolic and diastolic) in copper smelter employees and miners, by age group, are presented in Table 20 . No significant differences were found between copper smelter employees and miners in any of the age categories. Only in the age group over 50 yr was diastolic hypertension found with a higher prevalence than in a random general population sample (19, 21) . This was also found among the miners and could not therefore be related to exposures in the smelter only.
Blood pressure (both systolic and diastolic) was found, as expected, to be significantly correlated with age in copper smelter employees and miners; the correlations were consistently higher in copper smelter employees. Significant correlations between blood pressure and Cd-U were found for the smelter workers; no such correlations were detected for miners (Table 21) . A partial correlation analysis of blood pressure (systolic and diastolic) versus Cd-U, controlling for age, indicated that age accounted for the correlation between blood pressure and Cd-U in copper smelter workers.
The relative importance of several factors with potential contribution to hypertension was also investigated. These factors are: age, an index of body weight versus height (Quetelet Index), duration of employment in the smelter, cadmium absorption and body burden as reflected by Cd-B and Cd-U, and lead absorption as reflected by ZPP. Based on Mallows' Cp Criterion, it was found that age and body weight had a greater contribution to hypertension than Cd-B, Cd-U and ZPP.
Conclusion
Levels of lead, cadmium and arsenic absorption were assessed in this copper smelter work force. Significantly higher levels of Pb-B, ZPP, Cd-B, Cd-U and As-U, than in a group of miners without copper smelter experience, were documented. The degree of lead and cadmium absorption, as reflected in Pb-B, ZPP, Cd-B and Cd-U, was slight to moderate.
Renal function was not found to be affected to the extent it has been reported in other cadmiumexposed groups or to the degree found in our previous studies on other lead-exposed occupational groups. This is related to the relatively lower levels of absorption of both lead and cadmium in the copper smelter population studied. No additive or synergistic effect of absorption of these two nephrotoxic metals could be detected at these relatively low to moderate levels of cadmium and lead absorption.
Effects on systolic and diastolic blood pressure were also explored; no significant effect attributable to cadmium and/or lead absorption could be detected.
Mean, median and range of Pb-B, Cd-B and Cd-U for the major job classifications in the copper smelter indicated a rather marked gradient of exposure and absorption of Cd and Pb. Appropriate protective measures to reduce absorption in the highest ranking job classifications are indicated.
